Background: Limited surgical literature currently exists that evaluates postoperative complications after cosmetic surgery in adolescents. Objectives: The purpose of this study was to determine the incidence of major postoperative complications in adolescent patients undergoing cosmetic surgery and compare their complication rates to older patients. Methods: A prospective cohort of patients undergoing cosmetic surgical procedures between 2008 and 2013 was identified from the CosmetAssure database. Demographics, clinical characteristics, surgical procedures, and major complications in adolescent patients (age 10-19 years) and older patients (≥20 years old) were compared. Risk factors analyzed included age, gender, body mass index, smoking, diabetes, type of surgical facility, procedure by body region, and combined procedures. Results: Overall, 3519 adolescents and 124,409 older patients underwent cosmetic surgical procedures. The adolescent cohort contained more men (20.0% vs 6.0%, P < 0.01), lower mean body mass index (22.6 ± 4.1 vs 24.4 ± 4.6, P < 0.01), lower prevalence of diabetes (0.8% vs 1.9%, P <0.01), and fewer smokers (5.9% vs 8.3%, P < 0.01) compared to the older patient cohort. Most commonly adolescent patients underwent breast followed by face and body procedures. Overall adolescent patients demonstrated a lower incidence of major postoperative complications compared to older patients after single (0.6% vs 1.5%, P < 0.01) and combined (1.2% vs 3%, P = 0.03) cosmetic procedures. Adolescent patients had lower complications rates after face, breast, and body procedures compared to the older cohort. The most common postoperative complications in adolescent patients were hematoma (0.34%) and infection (0.28%). Conclusions: Cosmetic surgical procedures in adolescent patients are safe with a lower rate of major postoperative complications compared to older patients.
According to the American Society for Aesthetic Plastic Surgery's (ASAPS) annual statistics report, there were over 12.7 million cosmetic procedures, both surgical and nonsurgical, performed in the United States in 2015. 1 Of those, 1.9% were performed on patients 18 years old and younger. The adolescent population has seen a growth in cosmetic surgical procedures in recent years with a 1.9% increase from 2014 to 2015. In 2015 alone, over 36,000 cosmetic surgical procedures and over 175,000 nonsurgical procedures were performed on patients under the age of 19. The most common cosmetic surgical procedures in this age group traditionally have been otoplasty, reduction mammoplasty, and rhinoplasty. However, an increasing number of adolescent patients nowadays are undergoing a larger spectrum of invasive surgeries including abdominoplasty, liposuction, and body contouring surgery.
This demonstrates the growing acceptance of cosmetic surgery worldwide in adolescents and the need for comprehensive evaluation of aesthetic surgery safety in this population. [2] [3] [4] [5] Adolescent patients remain a group of individuals where very sparse literature currently exists on outcomes and postoperative complication rates in cosmetic surgery.
Controversy around cosmetic surgery in adolescents mainly focuses on patients' maturity of understanding the risks of surgical procedures, their ongoing development, and diverse motivations. There is also the consideration of informed consent in the immature adolescent, who may have unrealistic expectations based on social media or motivations driven by others. 2, 3, 6 As a result, the American Medical Association Journal of Ethics and practicing plastic surgeons highlights the importance of screening and education in this patient population. [6] [7] [8] [9] [10] With an increasing volume of adolescent cosmetic surgeries and growing variety of surgical procedures, there is a pressing need for detailed evaluation of safety of aesthetic procedures in this patient population.
Currently, there is a large body of literature dedicated to the ethical considerations and psychological benefits of cosmetic procedures as well as the role of cosmetic surgery in improving body image of adolescent patients. [11] [12] [13] [14] [15] [16] [17] However, very few studies are available evaluating clinical outcomes of aesthetic surgery in this category of patients. Moreover, the incidence and risk factors of postoperative complications after a wide range of cosmetic procedures in adolescent patients has not previously been systematically analyzed.
The goal of this study was to determine the incidence of major postoperative complications in adolescent patients undergoing cosmetic procedures and compare this rate with older patients using the CosmetAssure (Birmingham, AL) insurance database. [18] [19] [20] [21] [22] [23] [24] [25] 
METHODS
The Vanderbilt University Institutional Review Board (IRB) approved this prospective cohort study (IRB # 140082).
Study Population
The study population comprised of a cohort of patients who were prospectively enrolled into the CosmetAssure insurance program and underwent cosmetic surgical procedure(s) between May 2008 and May 2013. The database was accessed in February 2014 following IRB approval.
Database
CosmetAssure is an insurance program introduced in 2003 that offers financial coverage of unexpected major complications related to cosmetic surgical procedures, which may not be reimbursed by patient's primary health insurance. The program is offered in all 50 states in the United States. It is available exclusively to American Board of Plastic Surgery (ABPS)-certified plastic surgeons and to the American Society of Plastic Surgeons (ASPS) Candidates for Membership who have passed the ABPS written examination. Furthermore, the CosmetAssure program mandates that all surgical procedures by approved surgeons be performed in accredited facilities. Patients who undergo one or more of the covered procedures by a participating plastic surgeon at an accredited facility must be enrolled into the program prior to any procedure, making it a prospective cohort. Surgeon-reported major complications, filed as a claim, are recorded in the database. A major complication is defined as that occurring within 30 days of the operation that requires hospital admission, an emergency room visit, or a reoperation. This excludes complications that can be managed in the surgeon's office, such as seromas, minor wound infections, minor wound dehiscence or sloughing, as they are not applicable for an insurance claim. The covered major complications include hematoma, infection, pulmonary dysfunction, cardiac complication, suspected or confirmed venous thromboembolism (VTE), wound related problems, myocardial infarction, and fluid overload. Other major complications (nerve injury, urinary retention, etc.) have been reported to CosmetAssure but may not qualify for expense reimbursement. The database lists all procedures performed on the patient, making it possible to study specific individual procedures as well as procedure combinations (ie, patients undergoing multiple procedures under the same anesthetic). The database also records demographic and comorbidity data including age, gender, body mass index (BMI), smoking, diabetes mellitus (DM), and type of surgical facility (Office Based Surgery Center, Ambulatory Surgery Center, hospitals). Personnel employed by CosmetAssure enter data provided by the surgeon at the time of patient enrollment, as well as any claims filed by the surgeon. CosmetAssure, being a private insurance company, has a vested interest in maintaining an accurate database for actuarial and audit purposes.
Exposure
In this study cohort, primary exposure was defined as patient's aged 10 to 19 years at the time of surgery (adolescent patients). The age threshold was set in accordance to the definition of "adolescent" by the World Health Organization definition (WHO 26 ).
Outcome
Primary outcome was occurrence of any major complication(s) (as defined above) within 30 days of the procedure. Secondary outcome studied was the type of complication.
Demographic Variables and Surgical Procedures
Distribution of factors including age, gender, BMI, smoking, diabetes mellitus, type of surgical facility, and combined procedures were compared between patients with and without a confirmed VTE. The dataset included 24 unique cosmetic surgical procedures, and patients underwent anywhere from 1 to 7 procedures, resulting in more than 700 procedure combinations. For the purpose of this study, we categorized all cosmetic procedures into 3 groups based on body region. These groups were face (ie, blepharoplasty, browlift, cheek implant, chin augmentation, facelift, facial resurfacing, hair replacement, otoplasty, rhinoplasty), breast (ie, augmentation, mastopexy, male breast surgery, reduction, revision breast implant procedures), and body (ie, abdominoplasty, brachioplasty, buttock lift, calf implant, labioplasty, liposuction, lower body lift, thigh lift, upper body lift). Patients who underwent more than 1 cosmetic procedure under the same anesthetic were considered to have combined procedures. In addition, we looked at outcomes in each of the 24 surgical procedures performed as a solitary procedure to offset the potential effect-modification from combining procedures.
Statistical Analysis
Two separate, deidentified, datasets were obtained from CosmetAssure, one with the enrollment data and other with claims information. The enrollment dataset contained entries for each unique procedure. Thus, a patient undergoing combined procedures had separate entries for each procedure. A unique identifier was created using variables; date of birth, date of surgery, and BMI. Using this unique identifier, the enrollment dataset was restructured such that a patient undergoing combined procedures was counted once with each of the procedures listed as a separate variable. Another unique identifier was created with variables shared between the enrollment and claims datasets; date of birth, date of surgery, and gender. This identifier was then used to match the claims dataset to the restructured enrollment dataset. Of the 2506 patients in the claims dataset, 20 did not match to the enrollment data using the identifier. These cases were manually matched to enrollees with the closest demographic characteristics. Kolmogorov-Smirnov statistic was used to check normal distribution of continuous variables; age and BMI. The only missing data were absent BMI information for 1046 (0.8%) patients. These patients were included in the analysis without replacing these missing data points. Patient characteristics, risk factors, and complication rates between patients undergoing different procedure combinations were compared by twotailed Student, Fisher exact test or by Pearson chi-square tests. For purpose of univariate analysis, BMI was recoded as an ordinal variable with clinically appropriate categories (normal weight < 24.9, overweight 25-29.9, obese 30-34.9, severely obese >35). Standard logistic regression analysis was performed to identify the independent risk factors for postoperative complications among adolescents. Outcomes were reported as 30-day incidence rates after the surgery. Unless otherwise noted, probability of type I error of less than 5% (P < 0.05) was used to determine statistical significance. All analyses were performed using IBM SPSS Statistics 23.0 software (IBM Corporation, Armonk, NY).
RESULTS

Clinical and Demographic Characteristics of Adolescent Patients
Between May 2008 and May 2013, a total of 183,914 cosmetic surgery procedures were performed on 129,007 patients enrolled into the CosmetAssure program. Of these, 3519 patients were classified as adolescents (age 10-19 years) and 124,409 patients aged ≥ 20 years (range, 20-92 years) comprising the comparison group. There were 1079 patients younger than 10 years and these were excluded from the rest of the analysis. Adolescent patients comprised 2.8% of the study cohort with a mean age of 17.6 ± 1.8 years. The vast majority of the patients were between ages 16 and 19 ( Figure 1 ). The comparison group of older patients had a mean age of 41.9 ± 13.1 years. The adolescent cohort consisted of 703 male and 2816 female patients and the older cohort had 7521 males and 116,888 females.
Adolescents had a higher proportion of males compared to older patients (20% vs 6.0%, P < 0.01). The adolescent cohort had a lower mean BMI and lower prevalence of DM and smoking compared to the older cohort (Table 1) .
Surgical Characteristics
All cosmetic procedures performed on different body regions are demonstrated in Table 2 . Compared to the older patients, a greater proportion of adolescents underwent breast surgery and aesthetic procedures on the face. The most common breast procedures in the adolescent group were augmentation mammoplasty, reduction mammoplasty, and correction of gynecomastia. The majority of facial procedures among adolescents were rhinoplasty (16.7%, n = 589) and otoplasty (6.4%, n = 226). The adolescent group underwent fewer body procedures compared to the older group with the most common body procedure in adolescents being liposuction (10.2%, n = 359). Adolescents underwent fewer combined cosmetic procedures compared to older patients (11.8% vs 33% respectively, P < 0.01) ( Table 1) .
Analysis of Complications
Across our study cohort, 2503 patients (1.9%) developed major complications. Adolescent patients had a significantly lower overall incidence of major postoperative complications compared to older patients (0.71% vs 1.99%, P < 0.01, Figure 2 ). Among patients who underwent single cosmetic procedures, postoperative complications developed in 20 (0.64%) adolescents and 1230 (1.48%) older patients (P < 0.01). Both groups demonstrated a significant increase in the incidence of complications with combined cosmetic procedures (Figure 2 ). In the adolescent patient cohort, the overall complication rate in combined procedures was 1.21% (n = 5) compared to 0.64% with single procedures (n = 20, P < 0.01). Similarly, the incidence of postoperative complications among older patients doubled in the combined procedure group (3.03% vs 1.48%, P < 0.01). Adolescent patients demonstrated significantly lower postoperative complication rates when stratified by body region (Table 3) . When compared with the older cohort undergoing single procedures, only breast augmentation in adolescents was associated with a significantly lower incidence of postoperative complications when compared to the adult population (0.6% vs 1.4%, P = 0.01). Types of complications encountered in the database are demonstrated in Table 4 . Hematoma and wound infection were the most common complications in both groups. In adolescents, hematoma and infection occurred at similar rates (0.34% and 0.28%, respectively), whereas in older patients, hematoma (0.9%) was much more frequent than infection (0.5%) ( Table 4) .
On univariate analysis, none of the demographic or procedure related factors were found to have a statistically significant association with major complications in the adolescents (Table 5) . On multivariate regression analysis, only increasing BMI was associated with an increased complication risk (relative risk 1.10, 95% confidence interval 1.02-1.19) ( Table 6 ).
DISCUSSION
Existing literature on clinical postoperative outcomes in adolescent patients is limited to single surgeon or single group experiences and is, therefore, not generalizable. Moreover, there has been no study performed evaluating major postoperative complications of adolescent patients on a large scale in cosmetic surgery literature. This current study, to the best of our knowledge, is the first attempt to evaluate major surgical complications in adolescent patients undergoing a wide spectrum of cosmetic surgical procedures with high statistical power and multi-institutional data. In order to be consistent with international nomenclature we utilized the WHO definition of an adolescent person as an individual of age 10 to 19 years. 26 The majority of patients within this age category who underwent plastic surgery in our study were between ages 15 and 19 years. While patient selection and the complexity of factors involved around decision making and surgical consent remain a topic of separate discussion, the current study focuses specifically on clinical outcomes and primarily the safety of aesthetic surgical procedures in this category of patients.
The proportion of adolescent patients in the CosmetAssure database was slightly higher compared to that reported by ASAPS statistic 2015 (2.8% vs 1.9%, respectively). Different reference ages used in these databases (18 years old in ASAPS and 19 in the current study) can account for this existing difference. Patients between 18 and 19 years old in our current study constituted the largest subgroup of patients undergoing cosmetic surgery in the entire subset of adolescent patients when stratified by age groups (Figure 1 ). When similar age groups (≤18 years old) were compared between the two databases, the proportion of adolescent patients were comparable. The principal finding in this study was that the incidence of major postoperative complications after cosmetic surgical procedures in adolescent patients was lower compared to older patients. A decreased rate of major complications was observed after both single and combined cosmetic procedures. Older patients demonstrated an incidence of complications that was more than twice as high as adolescent patients when all procedures were compared. This was equally the case when older patients were compared to adolescent patients for single procedures as well as with combined procedures. As expected, adolescent patients in the current study demonstrated a significantly lower prevalence of risk factors including DM, tobacco consumption, and obesity. Although a lower postoperative complication rate in younger patients is anticipated with these patients being healthier and having fewer comorbidities, this is to the best of our knowledge the first scientific documentation of such trends based on an analysis of a large population of cosmetic patients. Moreover, because of the wide spectrum of cosmetic procedures reviewed, this study represents a snapshot of the safety of cosmetic surgery in adolescents in the United States for the last decade.
When individual risk factors were analyzed, only BMI was found to be associated with increased risk of major postoperative complications in adolescent patients. The overall low prevalence of recorded risk factors in adolescents may have resulted in a decreased power of our study to demonstrate statistical significance, despite a large sample size. However, the same trend was found among the elderly group with a higher proportion of the patients exhibiting comorbidities.
The proportion of smokers among the adolescent cohort of this study (5.9%) was lower compared to the average rate of tobacco use among individuals of this age. According to the Centers for Disease Control and Prevention (CDC), up to 7.7% of middle school students report using tobacco products. The incidence of tobacco consumption increases up to 24.6% for high school students. 27 The lower incidence of smokers in this study can be explained by appropriate preoperative selection of surgical candidates as well as potential underreporting. The CosmetAssure database does not differentiate between current and former smokers, and smoking status is self-reported by most patients.
Adolescent patients demonstrated different patterns of cosmetic procedures performed, which were mostly focused on face and breast areas with a lower proportion of body contouring procedures. This study equally demonstrated that more adolescent males were seeking cosmetic surgery compared to older men. This may be due to the higher proportion of gynecomastia procedures as well as facial surgery that resulted in a disproportionate distribution of males in this age group. Adolescent males, however, did not demonstrate any difference in the incidence of major complications (0.85%) after cosmetic procedures when compared to females of the same age group (0.68%).
When stratified by type of procedure, there was a trend toward decreased incidence of postoperative complications with the adolescent cohort for the majority of performed procedures. However, only in cases of breast augmentation was the difference statistically significant. A possible explanation of this can be the fewer number of procedures performed in the adolescent group. The most common postoperative complication differed between the 2 groups analyzed in this study. While hematoma was clearly the most common adverse event after cosmetic procedures in older patients, both hematoma and infection were equally common among adolescents. This difference in the postoperative complications experienced in the 2 groups can be a result of the greater influence of body contouring procedures and facelifts performed in the older cohort of patients, which are traditionally associated with an increased risk of postoperative bleeding compared to other surgical procedures.
An increased rate of postoperative complications in combined surgeries was universally higher in both age groups. In both adolescent and older patients, the incidence of major complications doubled after adding one or more cosmetic procedures. Despite young age and minimal comorbid conditions in adolescent patients, combined cosmetic procedures resulted in an increase in the number of complications. Therefore, combined cosmetic procedures should be carefully considered regardless of age.
While the CosmetAssure database has many advantages in analysis of complications in adolescent patients, a number of its limitations need to be addressed.
It is imperative to understand that the database includes only major postoperative complications and minor postoperative adverse results are not recorded. Identification of minor postoperative complications after cosmetic surgical procedures in this category of patients warrants separate evaluation and will allow for more comprehensive assessment of clinical outcomes.
Short postoperative follow up is another limitation of current study. The database itself has only recently started registering outcomes past 30 days, which could result in underreporting final outcomes. Although the vast majority of major postoperative complications typically occur shortly after surgery, some can certainly develop in the longer term. Longer follow up would add more strength to the study and could allow for more comprehensive overview of complications.
Some procedures analyzed in the current study such as otoplasty, correction of gynecomastia, or reduction mammoplasty may be seen by peer plastic surgeons as not "purely cosmetic" since several healthcare providers offer coverage for such surgeries. In this regards, it is important to clarify that the CosmetAssure database includes procedures that were not covered by conventional insurance carriers and therefore for the purposes of this study considered "cosmetic." Additionally, the CosmetAssure database includes only a limited number of covered procedures. Although, the list of cosmetic procedures includes the most commonly performed cosmetic surgeries, it does not include the entire spectrum of aesthetic surgical procedures. 28 Finally, even though management of major postoperative complications can incur significant costs, it is possible that the plastic surgeon may write these off or be compensated by the patient's primary health insurance provider. Either of these scenarios, though very unlikely, may lead to underreporting of major complications to CosmetAssure.
The current study compares the incidence of major postoperative complications in adolescent patients with an older cohort with a naturally increased prevalence of comorbid conditions. One valid criticism is that a comparison of adolescents with the "next older age group of patients" will result in a more comprehensive analysis and can minimize bias from age associated comorbidities. In a previously published study we performed analysis of postoperative complications in different age groups using the CosmetAssure database and demonstrated no statistically significant difference in the incidence of major postoperative complications. 25 The primary goal of present study was to assess safety of cosmetic surgical procedures in adolescent patients. Comparison between adolescents with the older cohort was a secondary aim and was performed in order to create a point of reference for interpretation of outcomes in adolescent group.
In the authors' opinion, this current study fills a deficit of knowledge in regards to clinical outcomes of cosmetic surgery in the adolescent patient. Clinical data identified in the current study allow for more detailed counseling of patients in regards to clinical outcomes of surgical procedures and specifically identifies high-risk procedures in adolescent patients. It also demonstrates the general evolution of safety of cosmetic surgery in adolescent patients and provides detailed information on the rate of major postoperative complications for a large number of commonly performed aesthetic surgical procedures in this age group.
Future research directions should be aimed at more detailed investigation of clinical outcomes after cosmetic surgery, which would include analysis of both major and minor complication to have a clearer picture of safety of cosmetic surgery in this category of patents.
Selection of appropriate surgical candidates and thorough preoperative counseling, including a discussion of increased risk of major postoperative complications, should be included into preoperative discussions and planning.
CONCLUSION
Cosmetic surgical procedures in adolescent patients are associated with a low overall incidence of major postoperative complications. When compared to older patients, adolescents demonstrated a lower rate of major complications after cosmetic surgery. 
